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Perception/Action: An Holistic Approach

John M. Flach
Wright State University

Abstract

A general systems approach is used to study the emergent properties of
the human perception/action system. Two task domains, the control of
locomotion and the recognition of objects, are used to study human performance.
The locomotion task involves the control of altitude. Experiments are described
that will manipulate the type of texture, the speed of forward motion, and
altitude. A general hypothesis is presented that performance in the altitude
control task is a function of the signal-to-noise ratio within the flow field —
where signal refers to optical activity resulting from change of altitude and noise
refers to optical activity resulting from other sources. An analysis of the flow
geometry is presented to illustrate how the motion of the observer and the
position of texture elements combine to determine the optical information
available to the observer. The object recognition task involves the discrimination
of 3-dimensional wire-frame forms using the information available in dynamic
occlusion. A key manipulation within this task was the mode of observation.
Observers were either active (they could manipulate the object using a joystick to
produce dynamic occlusion) or they were passive (they could observe the
motions produced by the active observer, but they could not act on the display to
produce dynamic occlusions). Three experiments are presented. The most
important result was that no differences were found as a function of mode. In all
three experiments passive observers performed at least as well as active
observers. Experiment 5 showed that performance was significantly better when
stereotypic motions were generated by the computer, than when an active
observer controlled the motion of the object. A brief review of factors that may
effect when active subjects have an advantage over passive subjects is presented.
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General Overview

A fundamental role of the human component in complex systems (e.g.,
vehicular control, air traffic control, or process control) is to "close-the-loop."
That is, the humans are included in the system because of their unique and
adaptive abilities of perception, decision making, and motor control. Although
there have been great advances in automated control systems, the adaptability
and generality of the human have yet to be matched by automated sensing and
control systems. This generality and adaptability of the human controllers that
makes them attractive (if not essential in many cases) as components within
complex systems poses a great challenge to basic researchers interested in
modeling human performance, as well as for system designers who need to be
able to integrate across human and electro-mechanical components to predict
and evaluate system performance. The general goal of this research program is
to develop a framework for studying humans as an adaptive, closed-loop
controllers.

Traditionally, psychology has parsed the problem of human performance
into problems of perception, cognition, and motor control. Research programs
have evolved that focus on one or the other of these components in isolation from
the others. For example, those who focus on perception often tightly constrain
action (e.g., fixating the head with bite boards, using brief, tachistoscopic
stimulus presentations, or using restricted response protocols such as key
presses). Those who study motor control go to great lengths (e.g.,
deafferentation) to isolate motor control from perception. And those who study
cognition select problems (e.g., tower of Hanoi, missionaries and cannibals, logic
theorems) with minimal perceptual and motor demands.

Such strategies for studying perception and action have been successful in
reducing complexity and allowing scientists to make inferences about the
elementary cognitive processes that combine to control performance. However,
these approaches miss the emergent properties that arise from the coupling of
perception and action. Without an understanding of these emergent properties it
may not be possible to integrate what we have learned about perception systems
and action systems in isolation into a comprehensive and general theory of
human performance (a theory capable of guiding decisions about interface
design and training for complex systems such as high performance aircraft).
Thus, it is important not to ignore these emergent properties of the closed-loop,
perception-action system. An active psychophysics (Flach, 1990; Warren, 1988;
Warren & McMillan, 1984) is needed to compliment the traditional work on
passive psychophysics, perception, and motor performance.

A fundamental theme of our research program is that perception must be
studied in the context of action. The importance of the coupling of perception
and action for development of visually guided behaviors in cats was
demonstrated in the classic study of Held and Hein (1963; See also Held, 1965).
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In attacking the general problem of active psychophysics, our research has
examined two classes of problems: the discrimination of objects using
information available in dynamic occlusion and the control of locomotion. The
first section of this report will discuss the problem of control of locomotion and
the second section will discuss the problem of dynamic occlusion.

The Control of Locomotion

Locomotion is a classic problem that illustrates the importance of studying
perception-action as a closed-loop system. Visual flow fields are widely
regarded as a critical source of information for the control of self-motion (Gibson,
1958; Gibson, Olum, and Rosenblatt, 1955; Warren & Wertheim, 1990). The
visual flow field is the relative motion of stationary texture (e.g., resulting from
objects in the field of view) projected to a moving observation point. This radial
streaming of texture is produced in the action of locomoting and in turn feeds
back as information specific to the observation point's movements relative to
environmental surfaces. Despite the obvious closed-loop nature of this behavior,
much of the research on the perception of self-motion has used passive tasks in
which observers make judgments about visual flow fields controlled by the
experimenter (e.g., Andersen & Braunstein, 1985; Cutting, 1986; Cutting,
Springer, Braren, & Johnson, 1992; Larish & Flach, 1990; Owen & R.Warren, 1987;
R.Warren, 1976; W.Warren & Hannon, 1988; W.Warren, Mestre, Blackwell &
Morris, 1991; W.Warren, Morris & Kalish, 1988). It is not our position, that such
approaches are not without merit. However, we believe that it is important to
validate the results and conclusions from these studies in the context of active
control.

Our current plans are to focus on three dimensions for the control of
locomotion: the control of altitude, the control of speed, and the control of
heading. Our principle strategy will be to manipulate the information available
for control. This will be done through changing surface textures, changing the
nature of the event (e.g., speed or altitude), by changing the goals (e.g., maintain
constant altitude, speed, or flow rate), or by changing the action coupling with
the display (e.g., vehicle slaved display or head and vehicle slaved display).
Over the past year we have focused on the problems of control of altitude. In
particular, we have been interested in how the information for altitude may be
confounded with information for speed.

Altitude and speed are very tightly coupled both in terms of the
information in optical flow fields and in terms of the consequences for the actor
(e.g., time-to-contact a surface). With respect to the information linkage, Gibson,
Olum, and Rosenblatt (1955), note in their mathematical analysis of optic flow
that:

Ground speed and altitude are not . . . independently determined
by optical information. A more rapid flow pattern may indicate
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either an increase in speed or a decrease in altitude. Length of time
before touching down, however, is given by the optical information
in a univocal manner (p. 382).

This description anticipates a more complete analysis by Lee (1976, 1980).
Lee's analysis shows that the time-to-contact (tau) with a surface is specified as
the inverse of the rate of optical expansion. Lee (1976) discusses the implications
of this information for the control of automobiles.

Recently, Flach, Hagen, & Larish (1992) have suggested that conflicting
results with regard to the perception of altitude, might be due to variations in the
simulated speed of motion across the various studies. Researchers studying the
perception of altitude in the context of fixed wing aircraft (Wolpert, 1988;
Wolpert, Owen, & R.Warren, 1983) have found that perception and control of
altitude is best when subjects are presented displays designed to isolate splay
(operationalized as texture parallel to the direction of motion) information as
shown in Figure 1(a). On the other hand, researchers studying the perception
and control of altitude in the context of rotary wing aircraft (Johnson, Bennett,
O'Donnell, & Phatak, 1988; Johnson, Tsang, Bennett, & Phatak, 1989) have found
that control is best when subjects are presented with displays designed to isolate
optical density (operationalized as texture perpendicular to the direction of
motion) as shown in Figure 1(b). In all cases, performance was nominally best
(but generally not significantly better) with the information in isolation (either
splay or optical density), than for displays that combined the parallel and
perpendicular textures as in Figure 1(c). A key difference between the studies for
fixed and rotary wing aircraft was the speed of forward motion simulated. The
fixed wing simulations used relatively high optical speeds (all greater than 1
eyeheight/sec), whereas the rotary wing simulations used relatively low optical
speeds (all less than .25 eyeheights/sec).

Flach, Hagen, and Larish (1992) have suggested that perhaps the key
variable is not the kind of texture (splay/parallel or optical
density/ perpendicular), but rather the amount of optical activity associated with
changes in altitude (signal) relative to the amount of activity (noise) associated
with other variables (e.g., speed of forward motion). The different ordering of
textures in terms of performance found by different laboratories may result from
an interaction of texture type with global optical flow rate. At high rates of
global optical flow (e.g., as might be experienced in fixed wing aircraft at low
altitudes) splay may best isolate the optical effects due to changes in altitude,
whereas at low rates of global optical flow (e.g., as might be experienced in
rotary wing aircraft at hover) optical density or depression angle may best isolate
the optical effects of altitude. This suggests that neither kind of texture is
privileged with regard to altitude control. The relative amount of optical activity
specific to change of altitude, depends both on the type of texture and on the
nature of the event (e.g., forward flight or hover). Our first experiment will
assess this hypothesis.
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Figure 1. Three types of textures that have been used to isolate component
sources of information for the control of altitude: (a) splay only (horizontal to the
direction of motion); (b) optical density or depression angle only (perpendicular
to the direction of motion); and (c) square texture.
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EXPERIMENT 1

The control of altitude will be examined as a function of texture, speed,
and altitude. Texture and speed will be manipulated within subjects. Four
textures will be used -— the three textures shown in Figure 1 and a random dot
texture. Four speeds will be used (0, .5, 1, & 2 eyeheights/sec). Altitude will be
manipulated between subjects. Three altitudes will be used (25 ft., 100 ft., & 200
ft.). Disturbances will be presented on three axes (variable headwind, side-to-
side, and altitude). Subjects will only have control, however, over altitude.
Dependent measures will include RMSE, root mean square control & control
rate, and control power correlated with the altitude disturbances. Our
hypothesis is that there will be an interaction such that, for low speeds, control of
altitude will be best with the perpendicular texture (optical density, Figure 1(b)),
but at high speeds, control will be best with the parallel texture (splay, Figure
1(a)).

Over the past year a general purpose software program has been
developed. This program allows specification of texture, vehicle dynamics,
disturbances, and procedural details. This software will provide the
environment for Experiment 1 and Experiment 2. It is also being used for
numerous other experiments at the Armstrong Lab. This includes studies of
heading judgments and of the phenomenology of self-motion.

EXPERIMENT 2

Experiment 1 was designed to test the general hypothesis that differences
in performance in altitude control tasks reflect differences in the signal-to-noise
ratio in the visual displays -— where signal refers to optical changes that result
from changes in the controlled variable, altitude; and noise refers to optical
changes that result from other motions of the observer (side-to-side and fore-aft).
In Experiment 1 the signal-to-noise ratio will be manipulated by changing the
forward speed of the observer. However, other variables affect the relative
amount of optical activity associated with altitude (i.e., the signal-to-noise ratio).
These other variables include the position of texture elements and the size of
motions on axes other than the altitude axis. Figure 2 from Flach et al. (1992)
illustrates the perspective geometry for splay and Equation 1 specifies how the
rates of changes for splay angle (S) varies with altitude (Z) and the ground
distance to particular texture elements (Yg & Xg). Figure 3, also from Flach et al.
(1992) illustrates tt.e perspective geometry for optical depression angle and
Equation 2 specifies how optical devression angle (J) varies with altitude and
the ground distance to particular . - ‘ure elements. Figures 4-7 show change in
optical splay and optical depression angle (plotted on the ordinate) as a function
of the perpendicular distance to edges in a square texture (plotted on the
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S11 = tan” (Yg1/Z1) =1/1 =45°
S12 = tan’ (Y 2/21) 2/1 =63.4°
321 =tan” (Y 1/22) =1/2 = 23.6°
(a) Spp =tan(Ygp/zp) = 2/2 = 45°

Figure 2. MMustration of the perspective geometry for splay: (a) an extrinsic view
of the observers location at z; or z; (b) perspective view from z;; and (c)
perspective view from z,.
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Figure 3. Illustration of how depression angle (¢'21ta) changes as a function of
change in eyeheight (2).
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abscissa), and the change in position (altitude Z, lateral distance Yg, and forward
distance Xg). Figure 4 illustrates the effects, at an altitude of 200 ft., of a rate of
change of altitude of -100 ft./s. Note that altitude has symmetrical effects on the
splay and depression angles. Figure 5 illustrates the effects, at an altitude of 200
ft., of a rate of change of forward position of 100 ft./s. Note that forward motion
affects depression angle, but has no effect on splay angle. Figure 6 illustrates the
effects, at an altitude of 200 ft., of a rate of change of lateral position of 100 ft./s.
Note that changes of lateral position affect splay angle, but have no effect on
depression angle. Finally, Figure 7 illustrates the effects, at an altitude of 200 ft.,
of the combination of a 100 ft./s rate of altitude loss, a 100 ft./s forward velocity,
and a 100 ft./s lateral movement. It is important to note that every point
representing splay angle will be in the normal frontal field of view (e.g. as
illustrated in Figures 8 - 10). However, only those depression lines that are at
least 2 eyeheights in front of the observer will be visible. The other depression
lines will be too low in field of view to be seen or will be behind the observer.

. (-Z Ye) . .2
(1) s=|—=]cosS sINS +| =2 | cos*S
z Z)

. N
(2) 6= (E) COS SINS - (& SIN?6
eZ Z)
Figures 8 & 9 illustrate the relations specified in Equations 1 and 2 in
terms of the perspective view. Solid lines represent texture on the ground and
the arrow represents the vath of motion. The upper left quadrant of Figure 8(a)
shows splay angle for texture elements that are one eyeheight to the right and left

of the path of motion (45°). The upper right quadrant (8b) shows how the splay

angle changes as eyeheight is reduced by one half (630). The lower left quadrant
(8c) shows the effect of moving laterally by .5 eyeheights, without a change in
altitude (eyeheight). Finally, the lower left quadrant shows the combined effect
of reducing altitude by .5 eyeheights and moving laterally .5 eyeheights. Figure 9
illustrates similar effects for optical depression angle. The upper left quadrant
shows the depression angle for a texture element 4 eyeheights in front of the
observer. The upper right quadrant shows the optical change when eyeheight is
reduced in half. The lower left quadrant shows the optical change associated
with moving forward .5 eyeheights. Finally, the lower right quadrant shows the
combined effects of moving forward and down by .5 eyeheights. Figure 10
shows how the perspective view for the combination of splay and optical
depression angle changes with changes of the point of observation..

Experiment 2 will vary the signal (altitude specific optical information) to
noise (optical information independent of altitude) by manipulating texture
position (Xg and Yg) and colateral motions (dXg and dYg) in a hover task in
which the observer is to maintain constant altitude. The hypothesis to be
evaluated is that performance will vary as a function of signal to noise ratio
independent of a specific texture type (splay or depression angle).




15

Perception/Action

eP o

S o

"$/1J 001 jJo apminfe ur a3ueyd jo ajel e pue
1 00Z jo apnmine ue 105 21yxa) arenbs e ui sa3pa 03 aduelsip semorpuadiad i
Jo uonduny e se saj3ue uoissazdap reondo pue Leds feondo ur a8uey) ‘p anBiyg

un Aseniqiy) esuess|a

0091 08c! 096 ov9 0cet 0 oce- ov9- 096- 08cltL- 009t~
oy-
oe-
0z o
a
Co o®
of "ol e ° oL- =
o) ® =
o Ole ° o
o oe g ® >
mv | o 9
. a
¢ ° oooo o © -
o o oL 9
N ® o) o)
02 &
0t
oy

0 = 6Ap !0 = bxp !001-= 2p 002 = 2
JONVHO NOILSOd 40 NOILONNS V SV IONVHD TVILLDO




Perception/Action

16

epP o

SP e

0091

's /3 001 Jo uopisod premio; ut a8ueyd jo el

epopuadiad
¥ pue ) 00z JO 2pnin[e ue 10§ aInjxa; arenbs e uf so3pa 03 aoureisip I !
Mu :ozuucéum se saj3ue uoissazdap [eondo pue Keids reondo ur a8uey) °g 2m3ig

un Aseaquy) eouelsiq

0 = 64p :001- = Bxp 0= 2p :002 = 2
JONVHO NOLLISOd 40 NOLLONNA ¥ SV IONVHO TVILLdO

ov-

0e-

0¢-

OtL-

ot

0¢

osel 096 0v9 02¢e 0 oce- 0v9- 096- oscl- 009¢-
0 o ® 900000000060 ® 0 €
[ & o o 8 e
o o
O g
o o
o o
o o
P

o¢

ov

(seaiBag) ebuey) ienbuy



Perception/ Action

17

epP o

'S/3 001 jo uonisod [essye] uy 38ueyp jo aex
arenbs e u s38pa 0} asueysip Ierorpuadiad
ando pue feds reondo ug a8uey) ‘9 amSiy

® PUe ) 00Z Jo apnyn[e we Joy amyxa)
JO uonduNy e se safBue uorssaidap re

un Aeniquy) eauelsiq

00914-

0091t 0sel 096 ov9 oze 0 oce- 0v9- 096" 08Z}-
\Ww: Q ﬁléllOlolooo&eooolu O Q- —Q \
) b ° e v
° o °
r ]
° ®
[ ®
o | o
¢

00} = 6Ap :0 = 6xp 0= zp !002 = 2
FONVHI NOLLISOd 40 NOILONNA ¥V SV FONVHD TVIILLdO

ovy-

oe-

o¢-

ot-

0ot

0¢

1]

ov

(seai6aqg) abuey) senbuy




Perception/ Action

18

eP o

'$/3J 001 jo uonisod [esare] pue ‘uonisod premioj ‘spmine uy 3dueyp jo ajer
® pue 33 00Z JO apni|e ue Joy axnyxa) drenbs e ur sa8pa 03 adue)sip remorpuadiad
jo uonouny e se saj3ue uoissazdap [eondo pue Leyds jeondo ur a8uey L amSiy

iun Aleaniqiy) edsuelsiqg

0091 ogct 096 ov9 oce 0 oce- 0v9- 096- 0o8el-

0091~

ov-

0c-

0t4-

Q
®

ot

ot

Oe
[ ] o

0¢

90
... OOO

oe

001- = 64p 001 = 6xp !001= zp 002 = 2
IONVHO NOLLISOd 40 NOILONNA V SY FONVHD TVIILdO

ov

0e-

(seeiBag) ebBueyn senBuy




Perception/Action
19

(a) (b)

T

Figure 8. Splay angle for texture elements that are (a) one eye-height to
the right and left of the motion path (shown as arrow). The effects of
reducing the altitude by one half eye-height are shown in (b). The effects
of moving the observation point one half eye-height laterally are shown
in (c); The combined effects of reducing altitude and moving laterally by
one half eye-height are shown in (d).

r__'__—_T

© ’ @




Perception/Action
20

(a) (b)

Figure 9. Optical depression angle for a texture element four eye-
heights in front of the observer (a). The effects of reducing altitude by
one half are shown in (b). The effects of moving forward by one half
eye-height are shown in (). The combined effects of reducing altitude
and moving forward by one half eye-height are shown in (d).
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(a) (b)

T

Figure 10. Splay angle for texture elements that are one eye-height to
the right and left of the motion path (arrow) and optical depression
angle for a texture element four eye-heights in front of the observer (a).
The effects of reducing altitude by one half are shown in (b). The effects
of moving the observation point forward and laterally one half eye-
height are shown in (c). The combined effects of reducing altitude,
moving forward, and moving laterally by one half eye-height are shown
in (d).

—
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Dynamic Occlusion

This percept has a subjective component as well as an objective
component, i.e. it specifies O's position, movement and direction as
much as it specifies the location, slant, and shape of the surface.
(Gibson, Olum, & Rosenblatt, 1955, p. 383)

The changing images resulting from relative motion between an
observer and surfaces in the environment constitute an important
source of information about the shapes, orientations, and relative
distances of these surfaces. The perception of three-dimensional
structure from motion is relevant to virtually all tasks involving
vision of the environment outside the cockpit . . . . (Braunstein,
1989; p. 89)

Gibson et al. (1955) were careful to point out that structure produced by
movement through the environment points both ways. The structure has a
"subjective component” providing information about the moving observer and an
"objective component" revealing the structure of the environment. In the
previous section we focused on the "subjective components" of motion parallax
(altitude (position), speed, and direction). In this section, we turn our attention
to the "objective components" of motion parallax --- how movement reveals
structure of objects (i.e., structure from motion). Specifically, we are interested in
information that specifies the shape of three-dimensional objects.

Gibson (1962) made a distinction between active touch or "touching” and
passive touch or "being touched". Gibson argued that active touch is the natural
mode which yields experiences that "correspond to the environment instead of to
the events at the sensory surface." Experiments involving the recognition of
cookie cutter shapes showed that shapes were recognized more reliably when
subjects actively explored the cookie cutter than when the cookie cutter was
pressed down on the passive palm. Rotating the cookie cutter on the passive
palm resulted in improved recognition, but not to the level achieved by active
observers.

In comparing vision and touch, Gibson (1962) argued that "vision and
touch have nothing in common only when they are conceived as channels for
pure and meaningless sensory data. When they are conceived instead as
channels for information pickup, having active and exploratory sense organs,
they have much in common. In some respects they seem to register the same
information and to yield the same phenomenal experiences” (p. 490).

Stappers (1989) recently replicated the cookie cutter experiment for the
visual modality. In Stappers' experiment, 2-dimensional forms (analogous to
cookie cutter shapes) were drawn in the same color as the background on a CRT
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that also contained fields of randomly distributed point lights. Thus, when no
motion was present the shapes were completely invisible. However, when these
shapes were moved across the display they occluded and disoccluded the point
lights. Stappers reported that this dynamic occlusion provided sufficient
information for the forms to be recognized. He also reported that, as with
Gibson's study of active touch, recognition was improved if the movement of the
shape was controlled by the subject, rather than by the computer with the human
as a passive observer.

EXPERIMENT 3

A problem with both Gibson's (1962) and Stappers' (1989) experiments is
that the mode of interaction (active versus passive) is confounded with the
nature of the information. The motions of the cookie cutter on the hand in
Gibson's study and of the computer generated objects in Stappers' study were
not the same for active and passive subjects. Thus, it is not clear whether
differences in recognition reflect the mode of interaction (active vs. passive) or
the quality of information generated (i.e., different kinematics - space-time
signals). The present study was an extension of the Stappers (1989) study that
used a yoked design in an attempt to eliminate this confound. In our experiment
six 3-dimensional forms were used as stimuli. These stimuli could be rotated in
depth or translated across the screen by an active subject using a joystick control.
Subjects were run in yoked pairs with one subject able to actively manipulate the
object and a second subject observing the same pattern of
occlusion/disocclusion, but with no ability to manipulate the object. Our
hypothesis was that performance would be better in the Active Mode, than in the
Passive Mode.

Method

Subjects. Fourteen males and 16 females were recruited from an Introductory
Psychology course at Wright State University. Subjects received course credit for
participation

Apparatus. Six stimuli were used in this experiment as shown in Figure 11. The
stimuli were 3-dimensional wire objects drawn in the same color as the screen
background and were completely invisible on a static display. Six fields of point
lights were arranged so that three fields were in front of the object and three
fields were behind the object as illustrated in Figure 12. Three densities of point
lights were used (200, 100, & 64 points per field). When the object was in motion
point lights from the 3 fields behind the object were occluded and disoccluded.
The result was a display in which a subset of the lights dynamically appeared
and disappeared as a function of the position of the 3-dimensional wire object.
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Procedure. Five different pairs of subjects were tested at each level of density.
Each pair participated for ten blocks of trials divided between two 1.5 hour
experimental sessions. At the beginning of the experiment all subjects were
allowed to view and manipulate all six of the objects, which were shown on the
computer display drawn in a color different from that of the background. Also,
each subject had a response sheet that showed pictures of each of the wire frame
objects.

Each block contained ten trials. Subjects alternated between blocks of
Active and Passive modes. Thus, subjects received 5 blocks of trials in each
mode. Each trial lasted 40 s. During that time, the active subject could
manipulate the object using a joystick control. The object could be rotated or
translated on the screen producing a pattern of dynamic occlusion. At the end of
a trial, each subject recorded their best judgment as to which of the six objects
was being displayed on that trial using a paper response form. Subjects received
performance feedback in the form of a confusion matrix at the end of each block.

Design. A mixed hierarchical design was used in this experiment. Density (3
levels) was manipulated between pairs of subjects. Pairs were nested within
density and subjects were nested within pairs within density. Mode (Active vs.
Passive) and Block (1 - 5) were manipulated within subjects. The dependent
variable was percent correct identifications.

Results

Performance is shown in Figure 13. These results were analyzed using
Analysis of Variance with pooled error terms. The use of pooled error terms was
required because of the hierarchical design used (See Myers 1972; p. 232-233).
This analysis showed a main effect for density (F(2,27) = 5.10, p < .05).
Performance improved as density increased from 64 points per plane (39.8%), to
100 points per plane (57.1%), to 200 points per plane (58.4%). Tukey's HSD post
hoc analysis showed that there was a significant difference between the lowest
density and the other two densities, but that there was no difference between the
two higher densities This pattern is apparent in Figure 13. There was also a
main effect for blocks (F(4,108) = 11.98, p < .001). Performance improved with
practice from 39.83% on Block 1 to 60.17% on Block 5. There was, however, no
effect for Mode (F(1,27) = .26, p > .25) and no interaction between Mode and any
other factor.

Discussion

Gibson (1962) and Stappers (1989) both observed superior discrimination
for active observers relative to passive observers. However, in both of these
studies the dynamic patterns were different for active and passive observers. In
this experiment, active and passive observers were run in yoked pairs so that
both observers viewed identical dynamic patterns as generated by the active
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subjects. Under these conditions, no advantage was found for active observers.
Thus, our hypothesis was not supported.

These results suggest that active coupling, per se, is not important. What
may be important is the dynamic pattern of stimulation produced by an active
observer. When this dynamic pattern is presented to a passive observer,
discrimination performance is at the same level as for the active observer. This
suggests that differences in the quality of information are the operative
dimension for the previous observations of Gibson and Stappers, not differences
in the mode of observation. Further research and analyses are necessary before
these conclusions, based as they are on a null result, can be presented with
confidence.

EXPERIMENT 4

In Experiment 3, subjects alternated between Passive and Active Modes of
control. Thus, Mode was manipulated as a within subjects variable. One
possible explanation for the result that there was no difference between
performance in the Passive and Active Modes is that all the subjects had active
experience. Performance in the Passive Mode may have benefited from transfer
due to learning in the Active Mode. In Experiment 4, the training protocol was
changed so that Mode was manipulated within subjects to avoid transfer
between modes. Our hypothesis was that with the transfer between Active and
Passive Modes eliminated, performance would be better for the Active Mode.

Method

Subjects. Ten males and 10 females participated in Experiment 4. Subjects were
recruited from an Introductory Psychology class at Wright State University and
received course credit for participation.

Apparatus. The apparatus and stimuli for Experiment 4 were identical to those
used in Experiment 3 with the exception that only two densities were examined
in Experiment 4 (100 & 64 points per field).

Procedures. Ten pairs of subjects were tested. Each pair participated for 11
blocks of trials divided between two 1.5 hour experimental sessions. At the
beginning of the experiment, subjects in the active condition were allowed to
view and manipulate three of the objects (cube, pyramid, and double-
tetrahedron), which were shown on the computer display drawn in a color
different from that of the background. After the demonstration of the control
stick for the active subjects, the passive subject entered the experimental room.
Both active and passive subjects were allowed to view all six of the objects, which
were drawn in a color different from that of the background. In this
demonstration, the motion of the objects was controlled by the computer. On
Blocks 1 thru 10, one subject in each pair performed in an active mode and the
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other subject performed in a Passive Mode. On the eleventh block the roles were
reversed. A background density of 100 points per frame was used for Blocks 1
thru 5 and a background density of 64 points per frame was used for Blocks 6
thru 10. Note that practice and density were confounded in this design. This
was intentional. We thought that the 64 points per frame might be too difficult
for unpracticed subjects.

Each block contained ten trials. Each trial lasted 25s. During that time,
the active subject could manipulate the object using a joystick control. The object
could be rotated or translated on the screen producing a pattern of dynamic
occlusion. At the end of a trial, each subject recorded a best judgment as to
which of the six objects was being displayed using a response menu on the
computer display which showed the six objects. Subjects received performance
feedback in the form of a confusion matrix at the end of each block.

Design. Blocks 1 to 10 were treated as one experiment and Blocks 10 and 11 were
treated as a second experiment. Blocks 1 to 10 were treated as a mixed design
with Mode manipulated between subjects and Density and Block manipulated
within subjects. Two levels of Mode were used: Active and Passive. Two levels
of Density were used (64 and 100 points per frame). Five blocks were included
within each level of Density. Blocks 10 and 11 were treated as a mixed design
with Training (Active or Passive) as a between subjects variable and
Compatibility (Same or Different) manipulated within subjects. Training
indicates whether the subject had been active or passive on previous blocks.
Compatibity indicates whether the subject was performing the task in the same
mode as used in training (Block 10) or a different mode (Block 11). Order is
confounded with compatibility. All subjects performed in a compatible mode
first (Block 10) and then performed in an incompatible mode on Block 11

Results

The percent correct data from Blocks 1 to 10 are shown in Figure 14. These
data were analyzed using a mixed design Analysis of Variance. This analysis
showed a main effect for Density (F(1,18) = 10.33, p = .0048). Performance was
superior (57.1%) for the 64 points per frame density, than with the 100 points per
frame density (49.7%). This result is in the opposite direction to the effect of
Density in Experiment 3. This is likely due to the fact that practice was
confounded with density. All subjects performed 5 Blocks with the 100 points
per frame density first, then they were given 5 Blocks with the 64 points per
frame density. Thus, the significant difference here probably reflects learning.
There was also a significant main effect for the 5 Blocks within each density
(F(4,72) = 7.05, p < .0001). Performance improved from 43.7% in Block 1 to 60.2%
in Block 5. As with Experiment 3 there was no significant effect of Mode (Active
vs. Passive) (F(1,18) = .95, p = .3425). Also, there were no significant interactions.
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Percent correct data for Blocks 10 and 11 are shown in Figure 15. This
data was analyzed using a mixed design analysis of variance. This analysis
found a significant effect for compatibility (F(1,18) = 10.57, p = .0044). Subjects
performed better when the Mode of control was the same as that used in training
(67%), than when it was different (50%). There is a hint of an interaction in
Figure 15, such that within levels of Compatibility performance was better for the
subject in the Active Mode. However, this interaction was not significant F(1,18)
=179, p =.1973).

Discussion

The principal  otive for Experiment 4 was to examine the possibility that
the failure to obtain _.gnificant effects for Mode in Experiment 3 was due to
transfer of training between Active and Passive Modes. In the previous
experiment, subjects alternated between modes. In the present experiment,
Mode was manipulated between subjects for the first 10 Blocks, so that, passive
subjects had no experience in the Active Mode. However, as in Experiment 3,
our hypothesis of an advantage for the Active Mode was not supported. There
were no significant effects associated with Mode. Again, we must be very
cautious in making inferences from a null result. It would be incorrect to say that
there was no effect of Mode. In fact, the mean performance was nominally better
in the Active Mode (56.7% vs. 50.1%). However, if Mode does effect performance
in this task, the effects appear to be very small relative to the differences among
individuals and relative to the effects of Density and practice.
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EXPERIMENT 5

As we have noted above, previous research by Gibson (1962) and Stappers
(1989), that has compared performance of active and passive observers, has
confounded mode and information. That is, the information available to passive
subjects was the consequence of a stereotypic motion pattern. However, the
information available to active subjects was the consequence of motion generated
by a discriminating observer. We might presume that in the active case the
motion is guided by the information that it makes available. Experiments 3 and 4
used yoked pairs of subjects in an attempt to isolate mode from the confounding
effects of information. In these experiments, both active and passive subjects
observed the same motion pattern. This was a pattern generated by the active
observer. The fact, that no significant difference was found for Mode in our
experiments, suggests the hypothesis that the pattern of available information
may have been the operative factor producing the differences observed by
Gibson (1962) and Stappers (1989). In other words, when the pattern of motion
(i.e., kinematics or information) is identical, then there is no advantage for the
Active Mode.

Experiment 5 was designed to more carefully examine this hypothesis. In
Experiment 5 performance using motion patterns generated by active observers
was compared to performance using stereotypical motion patterns. Two types of
stereotypical motion patterns were examined: rotation and translation. In the
rotation condition the object alternately rotated around the vertical and
horizontal axes at a constant velocity. In the translation condition the object
alternately translated vertically and horizontally. The hypothesis was that
performance would be better with kinematic patterns generated by the active
observers than with stereotypic, kinematic patterns generated by the computer.

Method

Subjects. Thirteen males and 27 females participated in this experiment. Subjects
were recruited from the student population at Wright State University. Subjects
received either course credit or payment ($5.00/hr.) for participation in the

experiment.

Apparatus. The experimental set up was identical to that used for Experiments 3
and 4, except for the automated trials. Two types of automated trials were used.
In Rotation conditions, the object alternately rotated around the horizontal and
vertical axes at .14 Hz, or 1 cycle every 7 s. In Translation conditions, the object
alternately translated along the horizontal and vertical axes at .21 Hz or 1.5 cycles
every7s..

Procedure. Twenty pairs of subjects were tested. One subject in each pair was
the active observer and the other subject was the passive observer. Each pair
participated for 2 sessions of 6 blocks each. Blocks alternated between subject
generated information blocks in which movement of the object was controlled by
the active observer and computer generated information blocks in which
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movement of the object was controlled by the computer. For half the pairs, the
computer generated motion was rotations and for the other half the computer
generated motion was translations as described in the Apparatus section. Each
block contained ten 28 s trials. At the end of each trial subjects responded using
a response menu showing the six possible objects on the computer screen.
Subjects received performance feedback in the form of a confusion matrix at the
end of each block.

Design. A2 x2x2x2x6 mixed design was used for this experiment. Mode
(Active vs Passive), Automation (Rotation or Translation), and Density (100 or 64
points per plane) were manipulated between subjects. Information (Subject
Generated vs. Computer Generated) and Block (1-6) were manipulated within
subjects. Subjects were run in pairs. One member of each pair was active. That
is, on nonautomated trials this subject could control the movements of the object.
The other member of each pair was passive. This subject could view the same
visual display as the active subject, but could not control the object. This subject
saw the visual consequences of motions produced by the active subject.
Performance was measured alternatively on subject driven or computer driven
trials. On computer driven trials the motion of the object was controlled by the
computer. Subjects either saw rotations or translations but never both. On
subject driven trials the motion of the object was controlled by the active subject.
Observers saw either 64 or 100 dot densities.

Results

A mixed design Analysis of Variance showed a main effect for
Information (F(1,32)=65.03, p<.001). Performance was better with computer
generated motions than with subject generated motions ( 70.5% vs 56.2%). This
result directly contradicts our hypothesis. There was also an interaction between
Information and Automation (Rotation vs Translation) (F(1,32) = 5.48, p=0.0256).
This interaction is shown in Figure 16. The pattern shown in Figure 16 is some-
what puzzling in that the type of automation showed differential effects on the
subject generated information trials, but not on the automated (computer
generated) information trials. This suggests that there must have been transfer
between the computer generated and subject generated trials. Otherwise, the
stimuli on the subject generated trials should not have differed as a function of
the type of automation (Rotation or Translation).

There was a main effect of Block (F(5, 160) = 37.36, p<.001). Performance
improved from 43.4% on Block 1 to 72.7% on Block 6. There was also a
significant two way interaction between Block and Information (F(5,160) = 3.68,
p=0.003) as shown in Figure 17. The magnitude of difference between Subject
and Computer Generated Information conditions decreased from 24.3% on Block
1t06.0% on Block 6. The pattern in Figure 17 suggests that the performance
advantage for Computer Generated Information diminishes with practice. Early
in practice there is a large advantage for Computer Generated Information trials,
but with practice performance on both Computer and Subject Generated trials
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appears to be converging to a common asymptote. Finally, there was a
significant 3-way interaction between Block, Automation, and Density (F(5,160) =
3.08, p = 0.011) as shown in Figure 18. This interaction shows that performance
with the 64 dot density displays and with the translation type of automation
approaches an asymptote much lower than that approached for the other
conditions. The learning curves across blocks for Rotations at Density of 100,
Translations at Density 100, and Rotations at Density of 64 appear to be
equivalent.

There were no significant main effects for Mode (F(1,32)=0.37, p=.5469),
nor were there any significant interactions between Mode and the other
variables. Mean performance for Active subjects was 61.9% and mean
performance for Passive subjects was 64.8%.
Discussion . :

Again, as in Experiments 3 and 4, there were no significant effects
involving the Active/Passive distinction. On two of the four comparisons shown
in Table 1 passive observers were superior to active observers. We must remain
somewhat cautious because these are all null results, but the fact that this result
has been replicated in three experiments, under three different training protocols
suggests that there is, in fact, no advantage for the active observer in this task.

Table 1. Active vs Passive Observers

Experiment Active Passive
1 51.2% 52.3%

2 (Training) 56.7% 50.1%

2 (Transfer) 54.0% 46.0%
3 61.9% 64.8%

The significant performance advantage found for the computer generated
motions over the subject generated motions contradicted our hypothesis that was
based on the assumption that performance with information driven motions
would be superior to performance with stereotypic motions. The interaction
between Information and Blocks shown in Figure 17, suggests that initially the
subject generated condition was more difficult than the computer generated
condition. However, the learning curves for subject and computer generated
motions seem to be converging to a common asymptote. Thus, it appears the
subject must learn how to generate the information effectively, this is in addition
to learning how to discriminate between the objects based on the information of
dynamic occlusion. Of the two kinds of stereotypic motion, rotations seem to
provide information more effectively than translations as seen in Figure 18.
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So, we are left with a puzzle. How to account for our failure to replicate
the previous findings reported by Gibson (1962) and Stappers (1989). There are
several obvious differences to consider. One obvious difference is modality.
Perhaps active manipulation is more important for the tactile modality as studied
by Gibson (1962), than for the visual modality studied in our experiment.
Another difrerence is the dimensionality of the objects used. Stappers (1989)
used 2-dimensional shapes, whereas 3-dimensional shapes were used in our
experiments.

Other important considerations for evaluating our results include the
following:

The nature of the judgment that was required. Neisser (1992) has recently made a
distinction between "direct” or "situating perception” and "re-cognition" or
;ategorizing perception. Neisser describes situating perception as

immediate, non-inferential, bottom-up and cognitively
impenetrable. It provides us with immediate access to the real facts
of our ecological situation. We see directly where things are, how
they are shaped, and how we might act upon them. It provides
information about ourselves as well as our environment, and thus
establishes in each of us a first important sense of who we are - a
kind of "ecolegical self.” Perhaps most important, it enables us to
see that we live in and act on a real environment - one that exists
independently of us even as we interact with it.

Our knowledge of that independently existing environment
does not have to be "constructed," as I myself once misleadingly
argued; it can simply be perceived. Stationary observers with
restricted fields of view may have to guess at what they see, bu:
moving ones pick up information that specifies the layout
unambiguously. What's more, because it is not inferential or
symbolic, that knowledge cannot be "deconstructed” in the modern
philosophical sense of the term. Like the environment itself, it is
there no matter what we may think about it. Situating perception is
what establishes the "background," so long and justly celebrated by
phenomenologists, which undergirds all other, less certain beliefs.
(p.12)

Re-cognition or categorizing perception is the skill by which associations
are made between present inputs and pre-existing representations. Neisser
explains that "the logical difference between direct perception and recognition is
roughly - though not exactly - parallel to the linguistic and philosophical
distinction between "seeing” and "seeing as." I can see the car in direct
perception, but to see it as a car or as my car requires stored information" (p. 14).
It may be that activity is very important for direct perception, but it may not be
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so important for categorical perception. The categorical discrimination that is
required by our task may be tapping re-cognitional processes as opposed to
direct perceptual processes.

The nature of the discrimination that was required. The discrimination required in
our experiments are based on purely kinematic (space - time) properties of the
stimulus. It may be that the kinematic properties are equally accessible to
passive and active observers. On the other hand, kinetic properties of objects
(mass - force) may be differentially available to active and passive observers. For
example, a passenger and driver in an automobile may be equally qualified for
identifying the current heading of the vehicle (a kinematic task), however, the
driver may have an advantage in specifying the minimum stopping distance (a
kinetic task).

The specific objects that were used. We used regularly shaped, 3-dimensional
polygons. The distinctions between these polygons were fairly distinct and well
defined. If the shapes were more irregular, or the distinctions were less well
defined (for example, no previously learned, distinct labels for the various

shapes), then the active subjects may have had an advantage over passive
subjects.

The intentions of the subjects. In our experiments the intentions for both active
and passive observers were clearly specified as identifying the objects. However,
in some experiments the task situation may result in intentional differences
between the active and passive observers (e.g., Held & Hein, 1963). The
intentional differences may cause the active observer to be more attentive to
details of the stimulus situation. Thus, differences between active and passive
observers may be more likely to appear when the task involves incidental
learning.

The coupling between the active observer and the display. The joystick is not a natural
coupling for action and perception in this task. In natural situations dynamic
occlusion would be produced by movements of the observer. The difficulties in
learning this unnatural coupling may overwhelm any advantages that active
control might provide for this task.

The reference frame. In our experiments all motions were centered on the object
and the object started out in (and was generally maintained within) the center of
the screen. Thus, there was a clearly defined and essentially constant reference
frame which provided the background against which to interpret the dynamic
occlusions. If the occlusions were produced by the more natural coupling of
head movements, then the reference frame would be constantly changing. The
active observers may have an advantage in this situation since they have
correlary kinesthetic, tactile, and vestibular information to specify the moving
reference frame. Without this additional information the passive observer may
have difficulty picking-up the information available in the dyamic occlusion.
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The nature of the background point lights used. In our experiments the
background was static. The only changes that occurred were those produced by
motions of the object. Thus, there is no ambiguity about the source of variations
in the display. If a light is occluded it is due to the object. What if the
background was dynamic. That is, what if there were variations in the
background (e.g., noise) that were unrelated to the motion of the object. This
may create a situation where the active observers may be at an advantage since
they can use correlations between variations in the stimulus and their own
actions to disambiguate the variations due to occlusion that specify the object
(i.e., signal) from variation due to other sources (i.e., noise).

In sum, there are many questions that must be addressed before we can
begin to understand the nature of the coupling between action and perception.
We feel confident that the dynamic occlusion task provides a rich and interesting
context for addressing many of these questions. Our current plans are to
continue systematically addressing the questions that have been outlined above
using the dynamic occlusion paradigm.

General Summary

Much of the work over the last year and a half has been devoted to setting
up laboratories and developing software. Development has progressed much
more quickly on the software for the dynamic occlusion task than on the
software for the control of locomotion. However, a powerful software tool is
being developed for studying the control of locomotion. This software will
support a wide range of experiments that will address numerous aspects of the
control of locomotion problem. To date, only pilot data has been collected on the
altitude control task. However, a proposal for a Master's Thesis to do
Experiment 1 has been accepted. We hope to collect data over the next six
months and to have a completed thesis by Spring of 1993.

The dynamic occlusion task has generated far more questions than
answers. Contrary to previous research by Gibson (1962) and others we find no
effects for mode of observation (i.e., active vs passive). Our results raise
interesting questions about the relation between perception and action. Under
what circumstances does the capacity for active control of information enhance
our ability to perceive? We believe that the dynamic occlusion paradigm
provides a rich environment in which to explore questions about the role of
activity in perception.
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